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PHYTOPATHOLOGY
[Vol. 68 inoculum levels were compared in each experiment, hard surface to cause spores adhering to its inner walls to Inoculum levels were estimated by counting spores per fall into the vial. The number of spores that could not be square centimeter on microscope slides placed in the dislodged in this way appeared to be minimal in relation settling tower during the inoculation; a close linear to the number collected in the vial. Water with Tween-20 relation was found between weight of spores discharged (four drops/ 100 ml) was added to each vial of spores. into the tower and spores per square centimeter.
After agitating the vial for 30 sec on a Vortex mixer, two Estimates of the three inoculum levels in each experiment aliquots were placed in a haemacytometer to determine were as follows: experiment 1: 77, 182, 288 spores/cm 2 ; the total number of spores in the vial. The area ofeach leaf experiment 2: 77, 498, and 1,023 spores/cm 2 ; experiment was calculated from length and width measurements 3: 182, 498, and 815 spores/cm 2 ; and experiment 4: 182, using the relation: 288, and 393 spores/cm 2 . Following inoculation at 1600-1800 hours, the plants area (mm 2 ) = 0.8573 (L X W) -6.7154 were placed in a polyethylene enclosure in the greenhouse and misted with deionized water. Moisture remained on in which L = mm leaf length and W = mm leaf width at the leaves until the following morning when plants were mid-length. This relation was derived from regression of placed on a lighted greenhouse bench. In the first true area of 38 leaves, measured with a planimeter, on L X experiment, the latent period was determined by visually W. The coefficient of determination for this relation was estimating the percentage of uredia that had erupted each 0.74. Using data on total spores collected, total leaf area, day (16). In subsequent experiments, to measure the and uredium number in the sample areas, we calculated latent period more accurately, the number of uredia per the number of spores produced per uredium per day for square centimeter were counted at the same hour each day each genotype. beginning 6 days after inoculation. On each leaf the number of uredia in each of nine, 30.2-mm 2 circular areas RESULTS were counted. The same areas on the leaf were examined each day. When all uredia had erupted, the leaves were Latent period.-rAlthough more uredia were present on detached and photographed. The areas of 40 randomly plants that had received higher inoculum levels, the selected uredia were measured on the enlarged images by percentage of uredia (relative to the final number of matching the uredium to an ellipse of known area. The uredia) present each day within each cultivar was mean area of projected uredia was adjusted for essentially the same regardless of inoculum level. Forthis magnification to derive the actual mean uredium area reason we pooled data of experiments 3 and 4, each of expressed in square millimeters.
which included four cultivars. Six days after inoculation To estimate daily spore production per uredium, spores uredia appeared on the susceptible cultivars Monon and were collected with a cyclone collector from the four Suwon 92 and by 9 or 10 days the maximum number had leaves from each cultivar/inoculum level combination developed (Fig. 1) . The appearance of uredia on the sloweach day between 1300-1400 hours, just before the uredia rusting cultivars Suwon 85 and P6028 extended from 7 to were counted. The collector was tapped repeatedly on a 12 or 13 days after inoculation.
To reduce each curve of the type in Fig. 1 to a single value, we converted the number of uredia present each day to a proportion of the final number of uredia and pooled ( Fig. 1) , there was no significant difference in final density of uredia among the four cultivars, although there experiment 3, collection was not begun until 12 days after were 55 and 52 uredia/cm 2 on Monon and Suwon 92 inoculation; in experiment 4, however, spores were compared to 45 and 39 uredia/cm 2 on Suwon 85 and collected from the day uredia first appeared (Table 3) . P6028, respectively.
By day 13, all four genotypes had borne nearly the Within the range of inoculum there was a clear linear maximum number of uredia and the uredia had reached relation between inoculum level and number of uredia nearly full size. We used the data from days 13 through 15, that developed. Using the mean density of uredia for each for the six inoculation levels of experiments 3 and 4, to inoculation we calculated the regression of uredia per characterize the spore production capacity of each square centimeter (Y) on urediospores applied per square cultivar (Table 4) . Within each cultivar and inoculum centimeter (X). A test for homogeneity of regression level, the spores from the four replications were collected coefficients revealed no significant difference among the in a single vial. Therefore the data from each inoculation four cultivars (20) . The regression line for each cultivar level within each experiment were used as a replication for intercepted the Y-axis slightly above zero, suggesting that the analysis of variance. some uredia would develop when no spores were applied.
Monon and Suwon 92 produced considerably more Because this is impossible, the regression coefficients were spores per uredium per day than did Suwon 85 and recalculated so the line passed through the origin. These P6028. When spore production was expressed as spores recalculated coefficients did not significantly differ from per square millimeter of uredium, uredia on Suwon 85 the original regression coefficients. Regression were as productive as uredia on Suwon 92 and Monon but coefficients of the lines which passed through the origin those on P6028 were less productive. were: Monon, 0.14; Suwon 92, 0.13; Suwon 85, 0.12; and Spore production expressed as spores per square P6028, 0.10 uredia per urediospore. Thus, only -12% of centimeter of leaf per day is the combined effect of the inoculum applied infected and gave rise to uredia. uredium size, spores produced per unit area of uredium, Size of uredia.-Uredia on Monon and Suwon 92 were and number of uredia per square centimeter of leaf. always larger than uredia on Suwon 85 and P6028 (Table According to our estimates, P. recondita produces two to 1). On all cultivars, the size of uredia decreased as uredia three times more inoculum on Monon and Suwon 92 than became more crowded (Table 2) . Moreover, the decrease on Suwon 85 and P6028. in size of uredia as a function of density of uredia was significantly greater on Monon and Suwon 92 than on the slow-rusting cultivars. Because uredia on Monon and Suwon 92 were more numerous than uredia on Suwon 85 and P6028, the differences in uredium size between the 2, respectively. Within each experiment, means followed by the collected daily in experiments 3 and 4 to estimate the same letter do not differ at P = 0.05 (Duncan's multiple range productivity of uredia on the four cultivars. In test). develops. Possibly Suwon 85 and P6028 have a similar, but less violent, reaction to P. recondita. The host These results show that the slow leaf-rusting wheats reaction at some infection sites could slow down the interfere with pathogenesis by P. recondita by pathogen without completely inhibiting it. Uredia at such lengthening the latent period, restricting uredium size, infection sites would be those that form later than uredia and reducing the number of spores produced.
at more compatible sites. This explanation would account The prolonged latent period of P. recondita, as for the long latent period on Suwon 85 and P6028. The measured on Suwon 85 and P6028, is a particularly reaction of these wheats to P. recondita and of Idaed 59 to important part of the slow-rusting phenomenon. P. graminis may differ only quantitatively and the Although uredia appeared on Suwon 85 and P6028 only 1 apparently different mechanisms of slow-rusting could be day later than they appeared on Monon and Suwon 92, fundamentally the same. they erupted at a slower rate so that from 7 to 10 days after Another significant component of slow-rusting of inoculation there were far fewer uredia on Suwon 85 and Suwon 85 and P6028 is smaller uredia. On the average, P6028 than on Monon and Suwon 92.
uredia on Suwon 92 and Monon were 2.0 and 1.7 times Fewer penetrations or a postinfection host response larger than uredia on the slow-rusting wheats. Unlike that prevents some infection sites from producing uredia latent period, which was insensitive to inoculum level, decrease infection efficiency in other cereal rusts and uredia tended to be smaller when they were crowded. therefore contribute to slow-rusting (1, 2, 5, 6, 8, 10, 11, Even on the most heavily infected leaves, however, uredia 18). Because uredia of P. recondita were ultimately nearly on Monon and Suwon 92 were larger than uredia on as numerous on slow-as on fast-rusting wheats in our Suwon 85 and P6028. On the other hand, some uredia on study, reduced number of penetrations is apparently not the slow-rusting wheats were as large as the largest uredia important in the resistance of Suwon 85 and P6028.
on the fast-rusting wheats. Like latent period, uredium When Idaed 59 is infected with a virulent culture of size depends on the response of host cells at the infection Puccinia graminis, host cells at some infection sites die site; this response varies from site to site, but on the and fungus development ceases (1). At other infection average it is more adverse to P. recondita in the slowsites the host cells do not die and a normal uredium rusting wheats. Both of these components of 8  87  76  9  406  263  92  66  10  142  87  52  79  11  439  731  106  142  12  521  376  763  747  297  152  266  201  13  275  467  210  634  224  207  36  278  14  405  508  601  613  446  186  157  210  15  396  592  495  674  307  423  161  403 xAverage production during days 13 to 15 in experiments 3 and 4 (see Table 3 ).
'Spores per uredium per day divided by mean uredium area, in square millimeters, as measured on day 15 in experiments 3 and 4. The mean uredium area used was a weighted mean, using the number of uredia per square centimeter in each replicate as the weights.
zSpores per uredium per day multiplied by the number of uredia per square centimeter on day 14 (see Fig. 1 ). Beneath each heading, means followed by the same letter do not differ at P = 0.05 (Duncan's multiple range test).
resistance-long latent period and small uredia-can be leaves. 
